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ABSTRACT 

Several preliminary tests and one reactor endumnce test are planned on the NRX-A6 

reactor at Test Cell 'IC" of the Nuclear Rocket Development Station in  Nevada. These 

tests h v e  k e n  planned to provide significant development information on the design and 

operating performance of the test article ossembly. This report contoins analyticol predic- 

tions of the behavior of the test article during the planned tests. These predictrons w i l l  be 

compared to test dab during and after the test in order to establish whsther the reactor 

performs in the expected manner. Included are predictions for normal Qperotioit and for 

emergency shutdown. 

xi 



laboratory 

1.0 INTRODUCT1\3N 

The NRX-A6 reactor w i l l  be tested in an upfiring position at Test Cell "C" of the 

Nuc!ear Rocker Development 5tation in Nevada. The demonstration of endurance at rated 

conditions is the prime operational test obiective. The major experimental test objectives 

are the evaluation or the structural, nuclear, corrosion, thermal, fluid flow, and radiation 

perfonnance of the NRX-A6 test assembly during all phases of operation. 

One test i s  planned for 60 minutes at rated conditions or until a predetermined loss 

of reactiv!v hcs occurred. Sowever, i f  required, severnl runs may be made to comp!ete the 

prime operational test obiective. The tests w i l l  be conducted according to the NRX-A6 
Test Specification. 1* 

This report contains predictions for the complete series of Nk%-A6 tests summarized in 

table 1-1. The predictions give the expected values Jf many measured reactor and fccility 

pammetels. Through comparison of the predictions with test data, deviations froin normal 

reactor cnd facility operation may be identified for subsequent detailed evaluution. 

Detailed therma!, fluid flow, nuclear, radiation, and geometric design analysis 

data for the NRX-A6 reactor ure avaiiable in the Data Bock. 

utilized i;l developing the predictions presented in  this report are the same as those prevzously 

utilized in the N U - A 1  , NRX-A2 , N U - 4 3  , NKX/EST , and N.W-AS test prediction 

reports except for modifications due to reactor design changes and model improvements 

justified on the basis of test data. 

The digitci analysis methods 

3 4 5 6 7 

The NU-A6 feedsystem predictions presented in this report were obtained using 

the CAM-A6 reactor and feedsystem model described in Reference 8.  The reactor model i s  

identical tc, the models used fm NRX/EST and N U - A 5  analog predictions with approprkte 

changes due to hardware differences and other modifications which have been made on the 

basis of comparisons with NRX/EST and reactor test data. The feedsystem model consists of 

a representation of the turbine, p['mpr heat exchanger, inlet line to nozzle torus, hrgh 

pressure dewar line and appropriate orifices and valves. The facility controllers which now 

exist in Test Cell "C" are also simulated. 

* '  lumbers refer to references listed in Chapter 1 1 .  

1-1 



The joint test predictions af the Thermal und Nucleor Design (TND) and the Nuclear 

411 sirp$ements w i l l  be Systems Engineer;% (NSE) depottments are presented In h i s  fepcrt. 

issued on different colored sheets as additions, revisions. CT delet;ons to this original test 

prediction report. A three-ring binder i s  used cor convenience in d i n g  these changes. 

The Emergency Shutdown chapter wi i l  be issued as a utpple.nent as soon c* the &sigr\ of the 

emergency shutdown system is comdeted. 
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2. C SYSTE.W DESCRIIPTICN 

A. C o r e  

The h s i c  fuel component ~f the NM-46 reactor is a )texogc! Siraped bel 

etemerli containing 19 c x k n t  channels. Each channel i s  coa'ed with niobium and ovcr- 

<=teed with mnolybenur? 

m.aterk!. The fuel eiemects cre assembled to f a -  dwsters. Each nominal suster consists 

~t SL fwd e!ernents surmnding a ccntn i  unf.Jeled dement. Both the u&tded and 

belea dements b e  identical Gtitride dimensions. Ail urheled cent rd  elements of th 

F%X-A6 are extemd!y ctated with NbC. The unfueled cer.trul elements of t!le NRX-A5 

ne-e u x m t e d  with &e exceptio,; of those in the Fint t w o  exterior rows of elements. 

Esch univeled element contains un Incmel  i i e  rod that I s  ottached to the care support 

$ate to *wide axial restraint. 1rreg;rlar clusters w&ch can contir:n more than c-w anfueled 

s;rppo:t element, an irregular numnber of fuel eleaent, and partial anfueled elements ;re 

used a: the peript-ery. 

care. 

prcwide J ,lip plane 13 reduce friction between these ~ J I O  swfazes during transient operation. 

A py,ofoil wraoper and pyrograp!ite tile; ore used betwaen the fil!er s t r i p  and the lateral 

sdpport syste-. 

< i l l e r  strip to assure that broken particles cannot work their way intu the core inlet pienux. 

provide improve0 raidbow coa;nsian perfrJmKlnce Cor tb-e fuel 

? *  

Fil ler  stri+s at the wriphery camplete the cylindrical &ape af t he  

Pyrofaii s t r i p  are  used between tne fillei strips ar.d the peripheral !AI elements to  

In addition, e particle retainer h a s  been added in the dome orea of the 

2- 1 



8. "iflector 

The reflect9,a consists of three be-ryilium rings which are stacked to form a 

c j i d r i c a l  assembly. 

ctcnponr3t in t b t  i t  r,onta;ns the control drums, houses he lateral support system springs 

a d  tmrmtib t)re axial iood from the support plate and reflector to -he nozzle flange assembly. 

The ~-ef lector  1.c;mbly is c d e d  by hydrogen p m p l i a n t  after i t  exits from the mule tubes. 

pbrt ~f hit %w is Cverted to the pressure vessel annulus where i t  cools the pressure vessel 

and the , U t e .  beryllium reflecba. In addition, the beryllium reflector consisted of twelve 

czx'*il z,qments instead of annula rings. 

In d d i t i o n  io its nuclear function, the renectoa is a mior mechanical 

C. hated  Suppo~ and Sea; System 

%e lateral support system consists of 24 rows of seals. iZIunger pins and sleeves 

which pe ve:rote the reflector Inner diameter are held in place against the inner seal segments 

by : I i c a l  ccil springs in the rcfl.xtor. The inner seal segments in turn translate 

a l q  :he outer seal segments which w e  seated on the inner diameter of the reflector. 

Coolxti h d e s  are plcced in !he NRX-A6 real segments to provide controlled leakage at the 

insure adequate core bundling. 



(CRD) E. Shield 

The domed aluminum shield is similar to previous NRX sirnolased shields. The 

siaulatd S i e l d  i s  cooied by oropeilont imm the refrector out!et denum, The f i r  pals QC 

the skieid is coded  by flow ?hfough c d a n t  holes in t.he shield, annular flow ~ g e  around 

the drum drive shafts &is5 zenetrote the shield and by the amius flow between the shield 

and the pressure verse:. 

4 the pressm-e vessel ikmej. The coolant then passes axially through the * c o d  poss 

da-t  channels of tbe shield in the direction toword the support plate. Screens  ore p k e a  at 

the aft end of e ~ c k  of t h t  second pass holes of the shield to serve as p-ticie catchers.  ';he 

NM-A5 reactor  bad a sfryle h d  screer. assembly between the shield and support plate. 

This flow i s  mixed in tk dome plenum (region between the shield 

2.2 Feedsystem Description 

A schematic of the Test Cell "C" f e d y s r e r n  and the NPX-M reactcr i s  &).own ic 

Liquid hydrogen flows from a Iw pressure dewar t h r q h  the r ~ r w p v p  cnd 

fbrt of the pump flaw is hyporscd out of L - 109 in  d e r  to mintair! a ccnstc~t 

Figwe 2-2. 
flow meter. 

rat io  of purr9 flow rate tc speed of approximtely 0. pc;o38 !t./'sec/rpm. This bypass f l w  

enables the p u q  to be operated in  a region of sufficient star') mrgin. FIow then Wsses 

t h r q h  the pump dischorse check wive  after which most of this flaw passes to the reactor 

while the reminder flows to the counter-flaw h y d r o g e n w a t e r  heat  exchangers an:! i s  

used to drive the turbine, 

E O N F I V  
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(THIS PAGE IS UNCLASSIFIED) 

The heat exchanger flow passes throcgh inlet valves H-1 1 and H-21. The liquid 

hydrogen i s  heated to awbient temperature gas i n  the heat exchangers by hcdt transferred 

from the carnter-flow water. The exit ws passes through the turbine pcher control valve 

HaO. This control valve regulates turbine power. In order  to bootstrap or start the system, 

ambient hydrogen i s  p v i d e d  to the t J r 5 n e  through H-53. 

The reactor LH2 flows thmgh venturi LF-IO. DowistL-eam of LF-IO, a vent valve 

L-I i 1 i s  provided for shilling the pump and l ine  during powered sturtups. Feedline flow 

i s  initially bypassed through L-l 11 and then transferred to L-I1 by closing L-111 and opening 

h-I I - Flow through L-I 1 proceeds to tk reactor via flow venturi L F d .  

A high pressure LH dewar in parallel with the normal LH 2 2 feedsystem i s  provided 

for emergency shutdown of the reactor. 1 his dewar hcs a capacity of 4400 Ibs. and h a s  an 

operatiorral pressure l i d t  of 750 pia.  The high pressure dewar system i s  normally isolated 

from the main propellant feedline by a checkvalve. The dewar i s  pressurized by hydrogen 

through valve X-53 and vented by valve X-161. Six gas bottles are provided for pressure 

blavrdown during Gn emeqency shutdown. On shgtdowfi, the pressurizing valves ere closed 

and dewar flow starts as soon as the mair! feedline prr?ssure drops below the dewar pressure. 

Flow to the reactor is maintained by the expamion of the bottle 9 s  forcing flow from t k  dewar 

to the reactor. 

The gas accumulator system shown by the dashed iines between the turbopump and 

heat exchangers represents 3 modification of the Test Cell "C" Feedsystem to prevent a severe 

reductim in flow during the fict second of emergency shutdown. The accumulator is pressurized 

by back flow of liquid hydrogen through a hole drilled in the check valve. The liquid 

vaporizes in the u n i r i h t e d  accumulator and pressurizes it. The accumulator provides a means 

for sustaining feedline flow after feedline pressure at the accumulator check valve drops 

below the accumulator gas pressure. 

accumulator system con be quite effective in preventing excessive temperatures in the nozzle 

Emergency shutdown studies indicate that this gas 

tuoe walls. 

Table 2-1 isatabulationofmajor system line lengths and 

the feedsystem. 
(THIS PAGE IS UNCLASSIFIED) 

fl 
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TABLE 2-1 

#Description 

MAJOR SYSTEM LINE LENGTHS AND VOLUMES 

3 Volume (in ) 

Main Feedline 

h-11 to ncrzle tom 31,324 

h m p  discharge check valve to L-11 47,418 

Main propellant feedline tee to TES 
inlet check valve 18, 184 

h m p  discharge to L-109 and check valve 3,500 

Feedline to base of high pressurn 
deuar 

High Pressure Dewar 

G a s  Bottles to High Rurure Dewar 

One gas ,bottle 

TES inlet check valve to exi t  of 
two active heat exchangers 

Two hoctive heat exchangers 

i r e d  exchanger exit to H A 0  

H-60 to turbine inlet 

High Pressure Dewar 

41,880 

8 8 0 8  Oo0 

8,754 

81,216 

Turbine E n e r g y  Source 

190, ooo 
173, OOO 

48,900 

2,000 

Length (in) 

625 

696 

700 

136 

837 

152 

590 

200' 

4,762 * * 
4,100 

+* 
* ** 

*+ 
*** Not used in model. 

There are six gas bottles piped in parallel. 
There are four heat exchangers, two of w h c h  w i i l  be used for NRX-A6. 
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2.3 Controli Description 

Reactor flow and pump speed control systems are provided in Test Cell "C" as 

described in section 2.2 of this reprt.  

to the turbine power control valve to establish a desired speed. i f  the measured speed i s  

less or greater than the demand speed, the valve w i l l  qien or close :espectively, thus 

providing the pmper amount of f lcw to the turbine. 

speed demand to the speed controller based upon a cornparism between .o desired reactor 

flew mte and a flow rate as measured at  flow venturi LF-IO. 

The speed controller provides the necessary signal 

The flow controiler in  turn provides the 

In order to insure that the Mark XXV turbopump operates sufficiently away from the 

stall region, a specific speed loop i s  provided. The function of this contro! system i s  to 

by- pump f!ow thraugh the pump vent valve L-109 in order to maintain a constant ratio 

of pump flow rate to speed. This action provides sufficient s t d l  margin for the turbopump 

during normal operation. 

Controllers are provided for the turbine energy source (heat exchanger) inlet valves 

H-11 and H-21 which automatically position these valves to obtain the desired pressure drop 

between tk.e main propellant line and the turbine energy source. 

Reactor power and temperature controi systems are provided. The power controller 

adjusts the reactor control drum position to obtain the desired reactor power levels. Control 

systems are provided for reactor chamber temperature and station 26 temperature control. 

Both systems provide closed loop signals to the reactor control drums based on errors between 

measured and demanded temperatures. 

Both power and temperature control!ers have override circuits (limiters) which are 

designed to prevent the power and temperature l imits from being exceeded shou!d malfunctions 

occur. These systems produce control drum demand signals capable of overriding normal 

controller demands. 

The relative stability cf the above closed loop control systems is given in table 2-2. 

Predicted gain and phase margins for sinusoidal perturbations are given for two reactor 

oprating conditions -- design and a low flow condition. The gaia margin is designed as that 

2-6 



factor by which the measured over demand ratio must be multiplied when the phose i s  180° in 

order to produce marginal stability. The phase margin is  defined as 1800 minus the p h e  log 

between demanded and measured control prometen that occurs at unity gain. Th is  table 

shows the effect of operoting level on the degree of stability of the flow, speed, power, 

iempemture, limiters, and hear exchanger control systems. 

A more detailed description of reactor and facility control systems is found in 

Reference 10. 

CONFIDENTIAL 
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TABLE 2-2 

RELATIVE STABILITY TABLE 

Gain Margin 
20 Loglo 

Reactor Chamber 
Condi tior; 

(Stability Factor) Fkse Margin Flow fernperoture 

Controller db degrees (I bise\=) (OR) 

1 
i- 

Flow and 

Specific Speed 

i a  
10 

75 

70 

71.3 

30.0 

4090 

1 700 

Speed and >30 
Specific Speed >30 

a0 

65 

71.3 

30.0 

4090 

1 700 
2 - 

Power 21 

21 

75 

75 

71.3 

30. G 
4090 

1700 3 - 

Temperature >24 

13 

85 
37 

71.3 

35.0 

4090 

2000* 
4 - 

Tempe ro tu re 
Limiter 

25 45 71.3 4090 5 - 

Power 
Limiter 

a 65 71.3 4030 6 - 

71.3 4090 
30.0 1700 

Heat Exchanger 
In1 et Va I ves 

25 
25 

90 
45 7 - 

“Temperature controller not octivated until 2000’R hold. 
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Figure 2-1. NRX-A6 Reactor Configuration 

-1 
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:' , , .  Astronuclear 
' b y  laboratory 

(THIS P 'aGE IS UNCLASS!TIED) 

3.0 LIMITATIONS 

The NILV\-A6 reactor opemtir., ' m i k  are summarized in tables 3-1 and 3-2. These limits 

were designed to prevent damage to the test article assembly during al l  phases of test bpemtion. 

The tables group the l imi ts  according to eoch specific test, and primarily only the l imi ts  that 

may be reached during the test are given. This armngement simplified the problem of finding 

which limits are important for the different tests. The l imits were taken from the NRX-A6 
1 Test Specification . Any revisions in these operating limits wil l  appeor in  supplements to the 

NRX-A6 Test Specification. 

(THIS PAGE IS UI4ClASSIFiED) 
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try Astronuclear 0 laboratory w 

TABLE 3-1 

NW-X6 LIMITATIONS: PART 1 - REACTOR TEMPERATURES HND PRESSURES 

Pa ra meter Nuclear Testr. 

TEMPERATLJRES PR) 

Outer tef!ector Tie Soit 750 

Support ?late 830 

hloximum initial Outer 
Reflector --- 
Avercge Tie Rod Mate:iol 16N 

Any Core Starion with 
Air Coa!iny 8GO 

with Nitrogen Cooling 1400 

Any Core Stotion w i i h  
Polson or Av Wires 645 

&re Station 20 ai  26 

Core 5totion 1 --- 
Core Station 26 (avg.) --- 
Nozzle Chamber (avg.) --- 

PRESSURES (PSIA) 
Nozz!e Torus --- 
Nozzle Chamber --- 

PRESSURE DROP (PSI) 
Core --- 

G a s e o u s  Fuil 
Nitr-et. Power 
Flow Test Test C.wldown 

950 

830 

--- 
1603 

8CO 

1400 

--- 
950 

3m 

4290 

1050 

6GO 

150 

Errergeccy 

750 

830 

--- 
3m 

800 

1400 

--- 
950 

3990 

4290 

1050 

600 

156 



Po rame te r 

Minimum Period 

M i n i c u m  ShLtdown 
Ueactivi* 

Maximum Fixed 
Power Level 

F i m t i q  f b w e r  
Scram Factor, 
h: i R i mum 

Minimum RDd 
‘r(ydmrrlic Systems 
Presru re 

Mi t i  i mu rn !%a- 
Bydmuiic f iesure 

TABLE 3-2 

NhU(-A6 LIMITATIONS: 

Nuclear 
Tests 

GOKWS 
Nitrogen 
Flow Test 

0.3 

2.0 

i l l  

2.0 (2) 

400 

1600 

Fui i 
Power 
Test Coold0w.r 

0.3 

2. c 2.0 

- 
--- 

-I 4co 

160  --- 

(1  j 

i2’Fattor of 2 (measuredidemand), ‘“cy be bypassed above IW MW. 

Twc times plan~ed power (nox. !. The estimated power for these tests is shown in t&le 1-1. 
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4.0 INSTRUMENTATIQN 

MearJremtnt Channel 

The first fetter designates the systex: 

A Test Article 

G G a s  RopeI:mt cnL lneriing 

H Turbine Drive acd P J J ~ ~  

I Instrumentation F~nct im 

K C d d o W R  LH2 

L Propellant LH2 

N Nitrogen 

u G a s  Stomge 

S N e u t m i c s  

X High Ressure LH 

z Rod Actuation 
2 

The second letter designates the type of c:c.asurement 3 r  channel dunctk: 

A Accelercltion, Vibration 

3 &MY Indication 

C Command 

N 20 diu t ion 

P ?resure 

Q Speed 

4- I 



Fdlorrting the dash, the digit 6 indicates a n  NRY-A6 test article chonne; and the letter C 

inciicctes a Test Cell C facility channel. The last letter, i f  used, pmvides infomation oc 

averaging circuits: 

A Inpzt to an avemge 

Alternate input to OR cvamge 

Location 

Sta: Statim (inches) with zero at inlet end of core etlemmts, positive taward core exit. 

Rad: Radius (inches), from tcre cecferline. 
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set-Up il?rrge 

This is the mnge d meaklrement over which ahto ore to be taken, 

The read aur CC~UITF indicates the recording systeenr(s) used and the display(s) required. 

P h l ~ e - A m ~ I  itude Modulct&/frequency tipiexed signal recorded QI? magnetic tope 
(narrow bond) 

Frequencv M&lated/Freqaency Muliipkxc I s i p 0 1  recorded rn . m g n ~ + i c  tape 
(wide band) 

General krpose Strip Chart Recorder iSonbornj 

Cmtrd h i ld ing  Rcsement Strip Chart Recoraer (Sonborn) 

Events Strip Qkrt Recorder (Sonbarn) 

F 

" c 

B 

E 
C Oscillograph (CEC) 

M. Control Meter 
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I? 
* Strip Chart Alternate 

L 

&gib! Rinmt and Control Rcmn Meter 

IndicLting Lamp in Control Roorn 



TABLE 4-1 

NRX-A5 MEASblREMENT REQUIREMENTS LIST 
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TABLE 4-? (Continued) 



TABLE 4-1 (Continued) 
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laboratory 

TABLE 4-1 (Continued) 
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TABLE 4-1 (Continued) 
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Laboratory -1 

TABLE 4-1 (Continued) 
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TABLE 4-1 (Continued) 

SUPPOkT PLATE 
SUPPCRT PLATE 
INLET PLEhUW 
IkLET PLkkUM 
I h L t T  PLEhUM 
I h L E T  PLEMW 
IhLET PLkkUM 
I h L E T  PLthUM 
i k L E 7  PLEhUM 
XhLET PLtkUM 
INLLT PLENUM 
l h L t 7  Y L E W H  
IkL€T  PLEhUM 
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TME 4-1 (Continued) 



Astronuclear 
laboratory 

TABLE 4-2 

GB-001. -Cj 
G3-002. CJ 
G 6 d S .  CH 
GB-OC3Y-CH 
G6-011. -CB 
G0 413. -CH 
G8-1713Y-CH 

GC-01. -CJ 
GC-302. -CJ 
sc-ca. -CH 
G C-033 6-CH 
GC-3 1 1. -CY 
C;C-Ol?. -CH 
GC-0138-CH 

GP-OC2. -CE 
GF .-34. -C 
GP-004D-C 
GP-Gi4. -CE 
G P a  14D -c 

GR-00!. -CJ 
GtM02. -a 
G3-033A-CH 
GiZ-Ul3A-CH 

ski ECT E C FACI L I TY I NSTRUM ENTAT6 0 N 14 S f  

G1 Cpen/CI.ssed Limit  indication 
G2 Dpen/’Closed Limit  Indication 
G3 Closed Limit indicction 
G-3 Tnnsfer Switch P o s i t i o n  indication 
G-11 Cpen/Closed Limit  lndication 
G-13 C!csed Limi t  Indication 
G-13 Transfer Switch Position !rsdication 

G-!  Gd2 Supoly Line Vglve Command 
G-2 GN2 Supply Line Valve Command 
G-5 Gas Propellant Pressure Valve Commond 
G-3 Hold Closed Cornmod 
G-11 Helium Supply Valve Command 
G-13 Helium Pressure Valve Command 
G-13 Hold Close6 Command 

L i n e  Pressure Upst:ean: of G-3 
Gas R e v x e  GF-4 L‘enturi 
GF-4 Venturi DIfferectial Pressure 
Helium Pressure Dowunstream of G-13 
GF-14 Venturi Differential Pressure 

G-1 Stem P o s i t i o n  
6 - 2  Stem ibsition 
G-3 Stem Position 
G-13 Stern P o s i t i m  

Turbine Axial Acceleration 
Turbine &dial Acceleration 

V-50 @pen/’Close Limit Indication 
H--53 Clcse Limit  injication 
ti-53 Trunsfer Command indication 
H-60 Close Limit  Indication 
H d Z l  Tmilsfer Command Indication 
H-150 Opr;/%lcse  ini it Indication 



Laborlory 

TABLE 3-2 (Continued) 

EC-050. -CB 
H5453.-CH 
HC-060. -CH 
HC-060f-CH 
HC-1s. -C8 

H F-59 1 U-C 

Mf-053. -c 
Hf-060.-C 
H P-7. -f 
ii P-075, -c 
HP-321.X 
HP-511.-C 
H P-520. -C 

H P-575. -c 
_- -  -a. 
U*-.. 
I.. ---.&- 

HQ-590- -C 
HQ-590A-C 

H R-A-CH 
HR-060A-CH 

HT-060. -C 
HT-501. -c 
HT-511- -f 
HT-521. -C 
HT-32?. -c 

iv-m;. -c 
IV-032. -c 
IV-003. -c 
IV-004. -c 
IV-005. -c 
rv-006. -c 
IV-007. -c 
IV-203d-C 
IV-M4u-c 
I\'-205U-C 
IV-2117. -C 

ti-50 GH2 to Ivrbipe \/o:ve Command 
ic-53 High Pressure GH2 t:, Turbine Valve C m m n d  
ti-% NFS-3 Turbine Cantnl Valve Commond 
H d o  Tuibine iiw cont.31 \'a!ve Scram Commnd 
H-ISC GH? Vent L d v s  Turbire 5h*p Command 

P J C ~  Tghi;Pe fiawr.r?.eter 

- 

Turbine Bottle sUpp!y Ressirre 
Turbine LHz Supply Pressure 
Tuhine  Inlet Pressure 
Turbine Cavity ?ieSsuce 
h m p  inlet ?reswie 
Bolcnce Pistm 3ieed Pressure 
Turbine Exit Gas Pressure 
n--- nr , -L- ,  +,,.., 
Inte=d BIeed Presssrre 
. -...+a V.,L.L..C .--... - 

H-51 Stem fbrition 
H-60 3 e x  ,b i t ion  

Turbine GH2 S;rpplv Temperature 
Pump inlet Tempemture 
&laxe  Kston Bleed Temperature 
f t=p Disc-krge Temoemt!we 
TriAOine Exit .Gas Ten;pema+sr~ 
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Astronuclcar 
laboratory 

K B - 0 0 1 . U  
KB-002. -CJ 
KB-003. -CB 
KB-006.-CH 
KB-006Y-Ch 
K8-007. -CB 
KB-050. -CB 
K5-G53. -CY 
KB-CSY-CH 
KB-061. - c B  
KB-062. -CB 
KB-103. -CP 
KB-?!X- J P  
X ~ . - ! C 3 ,  -cy 

KC-001. -U 
KC-002. -U 
KC-003.-CB 
KC-006.-CH 
KC-006A-CH 
KC-007. -CB 
KC-050. -CB 
KC-053. a. 
KC-061.<6 
KC-062- -CB 
KC-063--CP 
KC-IC6. -CP 
KC-103. -CF  
K c- a 07e-c t’ 

KP-003. -C 
KP-005. -C 
K?-00553-CE 

K-1  Cpi. ‘CIajed Limit Inaicatioc. 
K-2 Cpen Closed Limit Itmication 
K-3 Open.(Closea L i x i t  Indicatim 
K-6 Open Closed Limit I d c a t i o n  
K - 6  Tmnsfer Switch h i t i a n  Indicgtim 
K-7 Open Closea L i c i t  lnoication 
K-5O Open ’Closed Limit Indication 
K-53 Closed Limit Indication 
K-53 Tmnsfer Snitch fbsition lrdiution 
k-61 O w n  Clasec Li.rii Indicabim 
K 4 2  Open, ‘Close6 Limit lndicction 
K-103 Open/;Claea Licit Micatior. 
K-106 Opn!’Closed Li-rit lidicutiua x - 1 ~ 7  n--.’ricvnr I :-:4 I d : - t ;  - 

--v -.-I -I.... f .I-.-..-- 

&wa- 4 Lev4 - ReeRectmeter 
Ctwor 5 Level - Reflectometer 
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SV-OON-CL 
SL'-50dr-CL 
KX-32:. -c 
:;Ji<-cz, -c 
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LP-003. -c 
L P - a x  -c 
LP-00aD-C 
LP-010. -c 
L P-O 10 D-C 
LP-Ol1O-C 
LP-012. -c 
LP-OIU-c 
1 P-O I 2B-C 
LP452. -2 
LP-0520-C 
LP-061. --CE 
LP-042. <E 

Dewar 1 Level Indicator, !teilectcx.eter 
&.war 2 ievel Indicator, Refiectomet=r 

LH2 L i n e  Rewre Upstream of L-3 
Prewre Upstrear.: of inlet Venturi L F - 4  
LF-4 Inlet Venturi &Ira Reswre 
h r e  Upstream of Discharge Ven?c,.' LF-IO 
LF-IO Discharge Venturi De!h Resure 
DeIh Re~iure AC-S L-11 
Nozzle  Supply Prew:ire 
b z r l e  Swply Pressure 
Nozzle Supply ?ressure 
Dewan 1 and 2 Gii2 Supply Przssure 
Differential Pressure Across LF-52 
r)eHEar I P,eSsure 
b w a r  2 PIessure 
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Na-001. -CB 
bJB-002. -CB 
N6-002. -CB 
NE43 1 * -cP 
NB-021. -CP 
N5-030. -cs 
NB-050- -CB 
NB-WX-CP 
NB-061. -CB 
NB-062. -C0 
NB-063. -CB 

NB-130. -CB 
NE-221. -c0 

NB-1 IO. -ca 

I.-1 Ste- b i t i o n  
1-2 Stem Position 
1-3 Stem k i t i o n  
L-11 Stem h i t i a n  
L - 3  Stem Position 
h-109 Stem h i t *  
L-?IF Stenz h i t i o n  

N-l Open!flose Limit Indication 
N-2 Qpen,’CIsse Limit Indication 
N-3  ope^ clcse Linit Indication 
N-1 f Open,/Clcw Limit Indication 
N-21 0pen;Close Limit hdication 
N-30 Open/’Close Limit Indication 
~ - 5 0  Open,.‘Clostt Limit Indicatiw 
N-53 Close Limit Indication 
N-61 Open/CIm Limit  Indication 
~ - 6 2  Opei./CIose Li-it Indication 
N-63 Open ’C!OW Limit Indication 
N-I 10 Open’Close Limit Indication 
N-I30 Open,’Close LiTit Indication 
N-221 Open/Close Liinit  Indication 
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TABLE 4-2 (Continued) 

NC-Wl. -CB 
NC-092. -CB 
NC-003. -CB 
NC-OI 1 - -CP 
K-021 .  -CP 
NC430. -C0 
NC-OSO. -CB 
NC-053. -CP 
M a l .  -CB 
NC-062. -CB 
NC-063. -CB 
NC-110. -cP 
NC-130. -CB 
NC-221. -cB 

NPp-Go1D-C 
NP-OO2D-C 
NF4030-C 
NP-001. -c 
NP-OIOD-CE 
NP-Oll0-C 
NP-02OD-C 
NP-021D-C 
NP-030. -C 
NP-061. -CE 
NP-062. -CE 
NP-063. -CE 

NR-011. -C 
NR-021. -C 
NR-OSA-CP 
NR-110. -CP 

NT-004. -C 
NT-001. -c 
NT-021. -C 
NT-022. -C 
NT-110-c 
NT-I ION< 
NT-130N-C 

N-1 
N-2 
N-3 
N-11 R C V  No. I Flow Control Volve Command 
N-21 RCV No. 2 Flow Contrd Volve fommond 
N-30 GN2 Cooiawn Supply Valve Command 
N-5C LN2 Dewar Pressurization Line Block Valve Command 
N-53 LN2 D e w a r  Pressurization Valve Command 
N-61 Dewor 6 Pressure Supply Valve Commnd 
N-62 Dewar 7 hesure Supply Valve Command 
~ - 6 3  O e w r  8 Pressure Supply Vclve Commond 
N-l1G RCV Chilldown Vent Valve Command 
N-13C GN2 Cooldown Vent Supply Valve Command 

Dewcr  6 Outlet Volve Commna 
PeNUcr 7 Jutlet Volve Ca.nmna 
De*ar 8 Outlet Volve Comrrand 

N-ZI iZCV Inlet By- V C I V ~  Gmmand 

&war 6 Deltrr Pressure Level Indicatim 
Dewar 7 Delta Ressure Level lndicotiotl 
Dewar b Delta Pressure Level Indication 
RCV LN2 Supply 
PCV No. 1 LN2 Inlet Venturi Qelta Pressure (NF-IO) 
N-11 Delta R w r e  
R C V  No. 2 LN2 lnlet Venturi Delta Pressure (NF-20) 
N-21 bit0 Pressure 
R C V  GN2 Dixharge L i n e  h m  
Dewar6 
Dewar 7 Pressure 
Dewar 8 Reme 

N-11 S'em h i t i o n  
N-21 Stec Position 
N-53 Stem h i t i o n  
N-110 Stem Position 

i N 2  Dewar Supply Temperature 
RCV No. 1 LN2 Inlet Temperature 
RCV No. 2 LN2 Inlet Tempemture 
R O /  No. 2 LN2 Oischorge Temperature 
N-110 Vent Temwrature 
N-110 Vent Temperature, Narrow Range 
GN2 Cooldown Vent Temperature 
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TABLE 4-2 (Continued) 

QB-001. -CB 
QB-CO2. -CB 
QB-003. -CB 
GIB-004. -CB 
4B-O05.-CB 

QB-007. -CB 
QB-008. - C B  

QB-010. -CB 
QB-011. - C B  
a6-0 12. -C8 

as-006. -CB 

~ B - o o ~ .  s e  

QC-001- -CB 
QC-002. -CB 
QC-003. -CB 
CC-004. -CB 
3c-005. -CB 
QC-006. -CB 
QC-o07.-CB 
X-008. -CB 
QC-009. -CB 
QC-010. -CB 
QC-OI 1. - C B  
QC-0 12. -C8 

Si3-Ilos-C 
$6-41 15-C 
56-4 125-C 

S.M-001. -c 
SM-002. -C 
SN-Oll.-C 
SN-012. -c 
SN-Ol3S-C 
SN-021. -C 

Q-1 Open,‘Closed Limit  lndicction 
C-2 Open/CIosed Limit Indication 
C-3 Open/’C!osed Limit  Indication 
G-4 Open/’CIosed Limit Indication 
@-5 Open,:fled L imi t  Indication 
C-6 Cpenf’Closed Limit  Indication 
Q-7 Open/Closed L im i t  Indication 
Q-E Open ’Closed L imi t  Indication 
Q-9 Openi’Closed Limit  Indication 
C-10 Open/Closed L imi t  Indication 
Q-11 Opnl’CIosed Limit  Iadication 
G-12 Opby’Clctsed Limit  indication 

G-1 Bottle 1 Shutoff Valve Command 
C-2 k t t l e  2 Shutoff Valve Command 
Q-3 Bottle 3 Shutoff Vdve Command 
C-4 Bottle 4 Shutoff Valve Comr- a n d  
Q-5 Bottle 5 Shvioff Valve Command 
0-6 Bottle 6 Shutoif Valve C m m n d  
Q-7 gbttle 7 Shutaff Valve Cmmnd 
Q-8 Bottle 8 Shutoff Valve Command 
6-9 Bottle 9 Shutoff Valve Commmd 
G-iO Bottle 10 Shutoff Vaive Cmmard 
Q - I 1  Bottle 11 Shutoff Volve Command 
Q-12 Bottle 12 Shutoff Valve Cornmnd 

fixed Power Scmm Indication 
Floating {Power Scmm Indication 
Period Scmm Indicatim. 

Linear No. 1 Analog Range Indication 
Lenear No. 2 Analog Range Indication 
Linear Power No. 1, Block 30 2 
Linear Power No. 2, Block No. 2 
Selected Linear Pclver 
Log Power No. I, Block No. 2 
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TABLE 4-2 (Continued) 

Sbi-02 1 A-C 
SN-CZ. -C 
SN-OZU-C 
SN -0235-C 
5N431W-C 
5 N-032w-f 
SK-061. -c 
SN-062, -C 
SN-X3. -C 
SN-064. -C 
5 N -065E -c 
SN-0655-C 

Y3-001- -C9 
X d-003. -CB 
.*e -.. 
S." -..- "- XI-... ' -' c- 
XB-C 18. -CB 
X9-0;9. -CB 
X3-020. -CB 
XB-021. -CB 
X 6-022. -CB 
X8-050. - C B  
XD-C53. -CY 
X B-053Y -CH 
XB-(MI. -CB 
XB-101- -C8 
xO-103. -CH 
XB-i!ii3. -CB 
XC-OL?I. -CB 
xc-003. -ce 
XC-017. -Ca 
XC-018. -CB 
XC-019. -CB 
XC-020. -CB 
xc-e2 1 . -ce 
XC-022. -CB 
XC-0.50. -CB 
XC-053. -CH 

Log Power No. 2, Block No. 2 
tog Power No. 3, Btock No. 1 
L o g  Power No. 4, BIodr No. 'I 
Selectea Log Power 
Wide Bond Lag Power 1 
Wide B c d  L o g  Power 2 
Power Period No. 1 
k w e r  & r i d  No. 2 
fbwer Period No. 3 
Power Period No. 4 
Expanded Period 
Selected Power Period 

X-1 Open/Cled L'mit Indication 
X-3 Open/Ciwd Limit Indication - t-) n I -._I. I--!--..-- -. "--?! &--;& r9m.r  * ~ . & U S . U .  

%-18 Open/Closed Limit Indication 
X-19 Chen/Clowd Limit Indication 
X-2G Opem//Closed Limit Indication 
X-21 O p n / C l d  Limit Indication 
X-22 Opn/Closed Limit Indication 
X-50 Open/Closed Limit Indication 
X-53 Close Limit Indication 
X-53 Transfer Switch k i t i on  Indication 
X-61 Open/Clored Limit Indication 
X-IC1 Open/Closed Limit Indication 
X-103 Open/Clased Limit Indication 
X - m  Open/Closed Limit Indication 
X-1 High Preuur~ Dewar Outlet Valve Command 
X-3 High f'reuure Dewar Discharge Valve Command 
X-17 tiigh Reuure Dewar Bottle No. 1 Shutoff Valve Comm~nd 
X-18 High Pressure Dewor bttle No. 2 Shubff Valve Command 
X-19 High Pressure Dewar BoNe No. 3 Shutoff Valve Command 
X-20 High Oresure Dewar Bottle No. 4 Shutoff Valve bmmand 
X-21 High Pressure Dewar Bottle No. 5 Shutoff Valve Commnd 
X-22 high Pressure Dev.cr Bottle No. 6 Shubff Valve Command 
X-50 Dewar 3 Pressure Supply Valve Ccmmand 
X-53 High Pressure Dewor Reuure Control Valve Command 
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Laboratory 

XC-0538-CH 
XC-061. -CB 
xc-101. -ce 
XC-102. -CH 
XC-1 036-CH 
xc-203. -ce 

XP-002. -c 
XP-o02@-c 
XP-Q53.-C 
XP-061. <E 

XT-002. -c 
XT-102. -c 
XT-103. -C 

TABLE 4-2 (Continued) 

X-53 Hold Close Command 
X-61 r ip Dewar Pressurization Valve Command 
X-101 HP Dewar Delivery Line Vent Volve Command 
X-103 HP Dewar Dischorge Line Vent Valve Command 
X-103 Hold CIOW Commnd 
X-203 HP Dewar Restricted Main Line Fill Volve Command 

HP Dewar Dischorge Line Resure 
HP Dewar Discharge Oriiice Oelb Pressure 
HP Dewar Pressurization Supply Pressure 
HP Dewar Pressure 

X-53 Stem Position 
X-103 Stern b i t i o n  

HP Oewor Discharge Temperature 
Dischors Line Skin Temp. Upstreurn of X-103 
HP Cewor Discharge Line Vent Temperaiwe 
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SYMBOL MUSUEMEN1 
TEMPERATURE (Wd?NR) 

R E S S U R E  

A PRESSURE 

70.0 2 

611680-39 
w. 8 

Figure 4-1. NRX-A6 Noirle Chamber and Core Exit flanirm Measurements 
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laboratory 

LOOKING AFT 

8 = oo 

Q 1EMPERATURE (C/O 53.2 1 

A PRESSURE 52.5 2 61 1680-18 

Figure 4-2. NRX-A6 Reflector lnlei Plenum Measurements Locations 
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l b "  
TOTAL LOOKING AFT 

SYMBOL MEASUREMENT S?A?ION NUMBER 

0 8EFLECTOR CYLINDER U r l T  G A S  f € M R d A T W E  0.0, -0.1 3 
A DRUM V A N E  EXIT GAS TEMPERAlclRE -0.9 1 
m DRUM ANNULUS EXIT GAS TEMPERATURt -0.9 1 

A REFLECTOR OUTLET PLENUM PRESSURE -0.4 I 

figure 4-3. NRX-A6 Reflector Outlet Plenum Measurement bcct '  runs 



L 3 0 K I N G  AFT 

c = oo 

SECOND 
PASS AREA 

I 
I4 L'M BER 

SYMBSL MEASWEMEN; 5 TA TI  O N  0.5 PROBES 

0 TEMPERATURE (CCPPER,/CCNSTANTANj -23.3 6 

i8cs 

6 1 16-33-28 

Figurc 4-4. NRX-A6 Shield Dace End Plenum hkasuremen: Locations 

W L  
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0 
776 

78 1 

776 
e 

785 
A1D 

A-402 

e 779 / 
e 

7 s  

NUMBER 
I 

1803 
SYMBOL ME AS UR EM.: N T  STATION OF PROBES 

0 TEMPERATURE (COPPERKONSTANTAN) 4 - 8  13 

A PRESSURE -0.8 2 

o i  1682-48 

Figure 4-5. NRX-A6 Core Inlet Plenum Meoscrement Locctions 

(THIS PAGE IS UNCIASSIFIE2) 
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1-3 
1-3 
T-3 

TOTAL 
SYMBOL MEASUREMENT 5 TAT I ON NUMBER 

REFLECTOR CYLINDER 

A REFLECTCR mLINDER 50.5-5 i . ? 9 
REFLECTCR CYLINDER 17.2 2 

0 REFLECTOR BOLT 25.7 3 

21.0-21.4 -Tu-- - -- 

61 168045 0 CONTROL DRUM 8 5 i 3 2 . 0  4 

Figure 4-6. NRX-A6 Measuemect Locations Reflector and Corrirol Drum 
Mder io I Tempera twes 
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Is -- 
I 
I ! I 

I 

:a&-.> 
cou EXIT  

NRX-A6 hcsmmen t loccrtionr b m l  Support System 

4-30 



s 
CONTROL DRUM NO : 

UNDERLINED STATION 20 CHANNELS (4) ARE 
1NW; TO STATION AVERAGE (13'-605 -C) 
ALL 4 STATION 1 CP4NNELS ARE INWT TO 

TOTP L 
S Y W L  LOCATION NUMBER 

A STRTIONM, UWUELED 8 

Q = 0' AVtRAGE (:V-6(?7-Cj 0 SiATfON I ,  FGJELED t 
f 

Figure 4-9. NRX-A6 Core Measurement Locations Stations 1 and 20 Thermocouples 



W m- ow- 
TOTAL N'JMBER - i' 

UNDERLINED CHANNE 
ARE INPUT TO STATION 
AVERAGE, IV-6& -C 

0 
I ALTERNATE INPUT TO AVERAGE 

I 
18Q0 

Figure 4-10. NRX-A6 Core Measurement Locatiors Stction 26 Thermocouples 
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Figure 4-72 NRX-A6 Core Measurement Locotion; Therrnol Capsules 
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5.0 NEUTRONIC SYSTEM TESTS 

5.1 Poison h i r e  Removal Operotions 

5.1.1 Obiectivc 

The objective of these operations i s  to effect complete poison w i n  wwval (6207 

peripheml and 783 central for a total of 6990 wires) at the MAD facility and to assure that 

an adequate shutdown margin exists, as defir.ed by the NRX-A6 Test Specification1 and tke 

NRX-A6 Safety Evaluation Report 19. 

5.1.2 Opemtional Limits 

Shutdawn Margin 

The assurance of o shutdown margin of at least 2.00s shall be estoblished before each 
1 

withdrawal increment . 

Number of Wires Per Increment 

During peripheral poison wire removal operotions the number of wires to be removed in 

each increment i s  limited to the smaller of either 1) ten percent of the original poison wire 

inventory of 6990 wires or 2) ten percent of the nunber of wires (to the nearest whole cluster) 

which, i f  remwed, would lead to violation of the shutdown margin l imi t .  

During central wire removal operations (783 wires)*, the number of wires to be 

removed per increment i s  limited to the smaller of 1) fifteen percent of the original number 

of central wires or 2) fifteen percent of the number (to the nearest whole cluster)12 which, 

i f  removed, would lead to violation of the shutdown margin limit. 

5.1.3 Predictions 

Predictions during poison wire removal operations have been septated into two 

ports, peripheral and central wire removal. 

- 
'The presence of exit gas thermoccuples which shadow 15 central coolant chancels reduced 
the centrul poison wire inventory from the uswl 798 to 783. The reduction was made in 
clusters 4A1, 6A1 and 181, each of which now contain 37 wires. 



W- ow 
Rripheml Wire Rcmcwai 

This first group af predictions for the peripheral poison wire removal i s  +aken from 

- 

NRX-.A5 measurements reported in Reference 13. The following discussion describes the bosis 

for this prediction. 

Shown in Figure 5-1 i s  a schematic of the sorrrce/detector geometty which i s  planned 

for use duritaa all  wire removal opemtions14. Comparison C- this geometry with tho+ used 

during p r i p k r o l  wire removal on NRX-A5 (see Figure C-2 oi Reference 13) iedicates tho, 

only CM detector, C -2-', was in the geometry of detector B in Figure 5-1. The preciicted 

inverse multiplication curve, shown in Figure 5-2, t a ,  therefore, beer, taken to be trx r?sponre  

of NRX-A5 detector C-2'. In principle, c small modification f.*r the expctcd dif! . nee in 

shutdown of the two reacton should be made. However, the differences are small and would 

not result in a noticeable change in the curve. 

Central Wire Removal 

w i l l  be 

~~ 

During central wire removal at  the MAD facility, the shutdown reactivity margin 

monitored by two methods: 

1) a graphical approach Wsed on the curve ot inveise multiplication as a function 

of poison w!re content, and 

2) o numerical technique bcsed on tile mecrsured snurce neutran multiplication rate 

with(l) the control drum bank at zero and(2) one drum at 180 degrees, eleven urums at  zero. 

The predicted behavior i s  discussed below. 

Inverse Multiplication Method 

The NRX-A6 i s  designed to be shutdown by 3.78$* with control drums alone before 

installation in the test cell, 50 i t  i s  expected that removal of al l  poison wires wil l  not lead to 

criticality. Therefore, when neutron nul tiplication data taken during wire removal (with ?he 

*Based on a delayed critical drum bank position of 91 degrees (with the shields withdrawn 
and empty) and a control drum bank span of 3.4$. 
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contrcl drum bank at 0 degrees) are plotted in the standard inverse d r ip l i co t i an  form, OJ 

show:! in  Figure 5-3, the extrapolation to criticality w i l l  indicate removal of mare poison 

wires than are actually present. The o w r e n t  shutdown may then be cdcdoted (aswmkg 

the wire worth i s  about ‘.of per wire) by subtracting the number of wires removed from 

the total number of wires which, ii remmed, would lead to cri?icality. The predicted 

inverse fnultiplicotion measurements are shown in Figure 5-3 ond ik 

Figure 5-4. Figure 5-5, developel; :.A doto taken duricg the N e  A2, NRX-AS, and 

NRX/EST20 test series, shows the variation of the worth of ciusten of poison wires wi th  

pison wire content. 

dkted shtdown in  

Numerical Technique 

A mehod has been dev?lopd to e-timate the shutdown during poiun wire withdrowai 

from an extended inverse multiplicution approacr,. ” In this rne*hcd, inverse rrultiplic=tion 

measurements are made during wire removal(1j 4 th  all control drums at 0 degrees and@) 

with one drum at 180 degrees and the rest at  0 degrees. The inverse multipiication prediction 

i s  shov.3 in Figure 5-3. The shutdown i s  colculared from these two measuremen!s with L e  

following formula: 

where 

is the shutdown in  8, KS D 

A P  
B 
- i s  the worth of one controi drum = G.613$*, 

A P = 0.00438, and 

ccunt rate w i th  drum full inserted 
ccunt rate with one drum fu y w i s  -5- R . z - -  ‘0 _ _ c  - 

r 
-1 

*Recent measurements at WAhEF using the NU-A6 reflector indicate Q.W$ for t.>z 
average wo.th of one driim 
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5.2 Initial Criticcl i t y  
~~ 

5.2, i Obiective 

5.2.2 Test Limits 

5.2.3 Predictions 

- 
*This corresponds to the pcevims - 7 degrees uncertainty. The increase results Ssom the bwes 
NRY-Ad dmm jpan. 



reactivity decreases by 47#. These reactivity changes are haec on a group of LASL 
e~pcrimcnts'~, adjwted for differences between the experiments and the NU46 ccmfigucotiori 

by ate techniqe described in Reference 18- The expected delayed critical p o 5 i t i a ~ ~  in each 

of t h e  varia-a c,g(lfigumticn, is shown in tcbre 5-1. 

fhe huRx-A6 reactor w i l l  be h u s h t  to initial criticaiity remtely, by irrremenkl 

ouhrr~rrd r3btion of the controi drwn bank and concurrent standard inverse rwltipJicotion 

mmsuternents- 

h'g~re 5 4  for the configucotiorr with Aiel& wi tbawn ~ n d  empty- In tk event that shirtdown 

limitotiom require poi- wires to $e present ct this time, the irrverse mrltiplicatica curve 

of the -tern w i l l  be d 3 i e d -  Ff-e 5-7 siwkrrs how the fcwrzted inverse multiplication 

Tk predict- change in inverse dt ipi icat ion wil)t drum position is shown in 

if two c!ustefi od p o ; ~ n  wircs are present (each with 42 wiaes). This was 

dewhped by *sse Oi figure 5-5 to estiarrte the additioru~ htdown that would result from tk 

prerenct of the *ires, Notr ttat the akissoe of Fiyures 56 Md 5-7 Minear in reactivity 

and asssee G &ne relatkm between dnrm @tian an0 -activity- 

5-3-2 Test L m i t s  

&activity irw-iim &I1 Le limited in mgnituck to that w%& would -It in Q 

minimum p ' t i v e  period of 0.3 seconds. 

5-3.3 Test Ran 

Individual integril Drum Worth 

The integral worth ot two control drums shall be determined individually in a E ~ n n e ~  

which approximates the following: 
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5.3.4 Qittdictim 

The preaicba integral drum bank worth ior the NUX44 reac-r i s  7.4 0.31. The 

Thus, the SrJe du.3 integral worth of a ri.agie drum i s  one-twelfth of this a r  61.7 I 2%. 
rotations in Steps 3 and 5 of the prejious section should result in reactivity chcnges of 

61.7 f 2. !$. If  li-r power i s  trimmed untii the variation does not exceeci  5.0 percent 

per min;rte prior io the drum movemat, the error in measured reuctivity wil . be less t k n  



Shields Togctkromd Filled 
kiah Bocoted Water 

81 L 8 

*There are in fact differences in the uncertointies aftached to the mrious shield confisumtiom. 
However, when the shield worth uncertointies are adi2d statistically to the uncertcinty in the 
hherent reactivity of the NRX-A6 reactor (2 a, the toto1 unce-tainty i s  the same to the 
nearest degree. 
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5-4 Neutronic h e r  b l i b m t i m  

The initial wtmnic power calibrotkm fw tsle NU-AS reo~tor w i i l  h perfomd by 

ae of two methoQ lhe pirn;ry colibrotion technique mu*ill i d v e  the use of in- gold 

wires +ced in a c g n h ~ l  &le fwl elemznt d a n t  c h a ~ e l  as Q s c a E k d  in the NKX-AS 

prediction report (Reference 7)- b gold wires are, in turn, c d i h t e d  by expasure of 

identical wires in PAX-€ at WANE, where a cJnplete m - n g  of the fission distrikrtior 

an<' an abdoiute nonmliration to fission mte by Q mdiochemicc! technique was employed- 

The exact descriptior. of this p-cxdure will not be fncluded here since the expeaimertal datu 

are not available at this time. Instead, the description and the cccompnying doto for this 

pmcedute w i l l  be contained in Q supplement to t h i s  report w k n  the= data become a-ailable. 

The secondary ca!ibration technique involves the cse of sulfur peilets calibmtea at 

the PAX reactor facility at WANEF by expure near the naule throat pasition with o 

simulated test cell "C" facility shield in place. The test cell "C" shield i s  simtiloted by 9- 

of * o NRX-A3 hivy Roof Mounted Shield,, contuining 1.7% boroted water and placed 

adjacent to +.e PAX reactor as shown in figure 5-11. Specifically, urliut in *.e fornt A 

pressed pellets 0.25 inches thick and 1.5 inches in diameter, positioned approximately 2.0 

inches below the nozzle throat gosition (coordinates R - 7.3", station 80", and 8 = 2400) is 

5-E 



W A- 0 - 
exposed during he low p w e r  nedrorrics colibrotim run ard is then counted fdlowing this  run 

to deternine ih activity. Appropriate corrections are made for decay following the rw and 

the activity is ccrrrcted to saturation. Fieujly, this soturu~ed activity time i s  converted to 

neutson fiux E >2.9 M s v  by comparison 4 t h  wifur pellets culihted in c Taiga noctw. 

T k s e  &tu ace used to &in tk t3wz.d pcmer ca l ih t ion  by using &e comeusion 

doctor 
!if 

4 
P(watt$ = 

1. iQ x 10 
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Figure 5-1. Sourcedeactor-Detector Geometry for Periphersl and Central 
Poison Wire Removal 
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Figure 5-2 Predicted lnvene Multiplication for NRX-A6 Peripheral Poison Wire Removal 
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NUMBER OF CENTRAL POISON WIRE UUSERS IN THE CORE 61 1878-38 

Figure 5-5. NRX-A6 Differential Warth of Poison Wire Clusters 
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6.6 FLOW TESTS 

5.1 Ambient N i m  Flow Test 

& I . ?  Obiectives 

6.1.2 Pmfilc Pcrcription 

Prior to initiating flow the reactor wi l l  be Sm+t to a resin01 power of one 

ki lwott .  Power will  be maintained at this level througCtout the fest and for sixty (bo) 

se!ccmds after termination of coo!mt fiow w k  the reactor wi l l  bb scrammed, Ssablc 

drrm position data wii i  be & t o i d  at eo& hold. 
2 1l.e tlow of GN w i l f  be i n c r d  on appoximotely a 4 Ib,/scc ramp to c;O Ib,hec 2 

and held for 10 seconds, them mmpeo ct the sunc rote to 100 I&.,kc and held for 10 
seconds; and finally, the run shall be ended by shut?ing*ff &e iiow. The flow proiik 

i s  &own in figure 6-1, 

1.3 Test Prediction - 
The test prediction figurer are urmnarized in table 6-1. *.e reactor plenum 

pressures and cornpent F e w r e  drops are sk wr as o iunctian of flow rote to simplify 

p s t  test comparison. c he calculations 3Uwnt a MOR ttmperoture for h e  reactor ~ n d  the 

nitrogen gas at the nozzle manifold. The predicted dnrm bank rotutiun from the ckloyed 

ctiticol position (assumed t3 be 88 degrees) is  0.6 degree inward at Z Ibjsec, {low and 

1.2 degrees inward at 100 Ib,!sec flow. 
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6.2 Liquid Nitrogen Flow Ttrt  - 
6.2.1 ob jtctives 

I:# objective of the liquid nitrogen flow test is  to provide o low temperature 

rtimuius to tiat reactor tempemturn t d u c e n .  

6-22 Profile 0escr;pion 

The test wil! be perfombed at zero power with the control drums locked, A flow 

rate of 10 Ib/sec of liquid nitrogen wil l  be &dished and caintoined until a meesurable 

decrease in core stotion 1 and/or tie rod temperature i s  observed. A? this time the flow 

wil; be terminated. 

6-22 Prdictiom 

Reactor prediction data are nut presented for this test becouse its only abiective i s  

to check the operation of the reocto0.c tc?m~,pfahlre instruments. 
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TABLE 6-1 

NRX-A6 AMBIENT NITROGEN FLOW TEST PREDICTION FIGURES 

figure 

6-1 

6-2 

6-3 

Flow Profile 6-4 

Plenum Pressures 6-5 

Component Pressure Drop 6 6  
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7.0 REACTOR ENDURAhCE TEST 

7.1 Objectives - 
Endumnce ot rated conditions i s  the prime operational objective. The reactor w i l l  

be operatxi at rated conditions foro time of 60 minutes or until o predetermineof iou of 

recctivity has occurred. A complete l i s ?  of the exprimento! test objectives a w m  in the 

“tJRX-A6 Test Specification1”, Section 1. B. 2. 

7.2 Profile Description 

The description of the reactor endumnce test profile i s  divided into two parts - the 

preoperotioml phose and the power run. 

During he preop-ational phase, the reactor and facility are prepared for the pwer  

run. Only the more significar?t events are described in  this section. The Control Rcmm 

Operating Procedure, the detoiled step-by-step description of both the ~ f ~ ~ p e m t i o ~ I  phase 

and the power run, w i l l  be i uwd  by NTO before the power run. The majoi preoprlmtional 

events w i l l  bs perfonned in he following sequencer 

1) The following cryogenic line; w i l l  be chilled: 

(a) The main propellant line thnwgh H-101 and !.F-ll!# the mixing 

chamber line to K-6, the high pressure dewar line to X-3, a d  :he 

tiquid nitrogen systern ts N-30. These pipes and valves ore shown 

in figures 2-3 and 4-13. 

2) 

3) 

An ambient hydrogen purge of 3 Ib/’sec through G-3 w i l l  k established. 

The reactor power w i l l  be increased to 1 MW. (At th i s  mwer the reactor 

core i s  heating up at approximately 1O~sec.  he time iaterval before initiation of the 

power run should not exceed 90 seconds, othewise the initial outer reflector temperature 

l imi t  of W0R may be exceeded.) 

The power run i s  icitiated by disconiir.uhg tale 3 Ib/sec ambient hydrogen purge 

flow and simultaneously starting the programmers. This i s  zero time in  the prediction. 

The fol lowis paminc t. ts are programmed: 

*The reactor endumnze l i m i t  wi l !  be specified prior to the test. 
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Nozzle chamber tempeiature 

Reactor power 

Liquid ;iyd-n flow rote at trrc. ' =-IC venturi 

L-11 I valve position 

L-11 valve position 

Dewar 3 pressure 

The first three are the primary paromten used to control the reactor during the power test. 

The two valve psition dem-ds, L-111 and L-11, are used to control reactor flow while the 

pump is in RW control during the initial prt of startup until L-111 i s  closed. lhe flow 

controller automatically tokes aver when the flow demand exceeds measured flow at LF-IO. 

The dewar 3 pressure demand controls the pressure of the high pressure dewar which i s  used 

to provide the required emergencv cooling flow i f  required at any :ime during startuo, the 

endurance hold, and shutdown. 

The reactor controi wrometen for the ramp to the 2 W R  hold are neutronic power 

and flow rote &-I11 and L-1 1 valves control flow prior to flow loop closure); nozzle 

chamber tempxuture i s  not used for control during th is  romp. However, the power and flow 

profiles are desigfied produce a nominal 50"1S/rec ramp in ckmber temperature. 

The following tests w i l l  be performed durkg the 2W0R chamber tempernture hold: 

a) Thermal power caiibrotion 

b) Evaluation of test data to verify t h t  the test assembly and facility ore 
performing properly. 

c) Limiter checks, response measurements, and other contiol tests. These tests 
are defined in Reference 1. 

An estimated 3 to 5 minuter *ill be reqciired to accomplish these tests during the 2W*R hold. 

The romp from the 2 W R  hold $0 mted conditions w i l l  be performed in  the temperature 

control mode at 5C0R/sec (chamber tempemture and flow rate are tha primarv 

mten). A 30 second duration intermediate 5o'td w i l l  be programmed at 37WR chamber 

temperature for the primary purpose of them1 stabilirotion and therefore to minimize stresses 

in key components. 

2rrtrol p ro -  
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Astronuc!eai 
Laboratory 

The hold at design corrditims (40900R chamber temperature, 71.3 Lb/sec flow rate, 

and 112' AW wwer) w i l l  be maintained for a time of 60 minutes or until a predetermined 
reactivity loss has occurred. The Test Specification 1 requlres that at least one li3iter either 

power or core stution 26 temperature be active to continue the hold. The objectives m d  

opemtiori sf the limiters are described in  Section 7.6. 

The shutdowc w i l l  be performed in f low rote and tempsffiture control. Flow rote w i l l  
Le progracimed at -0.9 Ib/sec 2 to 42.5 Ib/sec, ~ind temperature w i l l  be progrornined at 530R/sec 

to 25W3R. At t h i s  time (32 seconds af?sr start of shutdown) the following actions w i l l  be 

simul tanesusly performcd: 

u) Reactor scram 

b) Automotic ipitiation 0; flow from dewar 3 (high pressure dewor). 

The predictions for t i m e  after scram w i l l  be issued in  a supplement since the high pressure 

devrai- pressure profile and other design pommeters have nor been finalized. 

7.3 Demand ProfiIc ;* 

Figures 7-1 through 7-5 \haw the demand profiles of ckmber tempemturPl,bg power, 

flow rate, L-111 volve position, and L-11 valve position for startup and shutdown The 

dewar 3 pressure profile i s  shown in figure Y-1. nese are to be used OS the basis of the 

scaled profiles which w i l l  be inscri.bd on the program dwrrt,. Ten sexonds of hold time a:e 

included in the profiles to permit sufficient reoctim time to stop the drums at the holds. 

1C.e dashed parts of the power and temperature demands indicate the :ntewaJs w k r e  the 

dashed parameter i s  not used for closed loop control. 

The profiies consist of startup and shutdown in coruecutive sequence. Thc programs 

are not normclly reversed for shutdown. Reversing of me drums would only be done i f  a.r 

accident occurred during startup, provided this mode of shutdohn was deemed best. 

The demand profiles ore further descrilnd below: 

a)  ChomberTemperature - lempercture control i s  utilized from the 2000'R ho!d 

to ruted conaitiotis, during the hold at rated candition, and ic, shutdown until reactor m u m  

,:! 2500% chamber temperature. 

*This section utilizes the feedsystem schematic shown in  figurer 2-3 and 4-13. 
- 
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b) Log Power - Cog power i s  used in closed loop control for h e  ramp to the 

W R  ho!d. Thc power profile i s  designed b produce G nomimi %%/set mmp starting at 

9 seconds after initiation of run. For h e  G n t  9 scconck, the power i s  incrtased on a 2.5 

second period fmn 1 MW. 
Flow Rate - The demand flow ~ t e  at  the L-11 control valve i s  showr.. During e) 

the initial p rt of startup the pump i s  in R P M  control a d  the flow mte i s  determined by the 

psitiom of L-1 11 and L-11. fht pump i s  controlled 3y *he flow rote profile when the 

denand sxclrcds the measured flow at >bout 32 seconds after initiation of startup. The 

flow m k  at tht nozzle t o m  is 1- than the demand flow by the amount of flo\v lag in the feed- 

system and any leakage tc, the K 

X (high pressure &war system for emergency cooling) systems. 

(Low pressure liquid hydmgerr system for cooldown) and the 

d) L-1 I 1  and L-Z 1 ?'alve kit ions I -  Prior to initiation of reactor flow, the 

p u m ~  ~ n d  cryogenic lines to L-11 are chilled with LH2 flow from the pump run %&r. During 

th is  operotion, valve L-11 i s  closed and flow i s  vented through valve L-! 11 which i s  o p  

to approximately rixty-two prcent. The tabine gas flow i s  provided at approximately 3 0  

p i a  from pnuure control of valve H-53. Thi= mlve i s  automatically c ! o d  when pump 

motstrop conditions mise pressure above 250 +a. The flow controller i s  biased to provide 

on rpn demand signal such that the pump discharge pressure is approximtely 200 pia.  

To i d i a t e  reactor flow, L-11 i s  pmgmmmed open while L - I l l  i s  progmmmed cfoseci ond 

rhc r a c b r  flow csmand program i s  started. Thus, flow i s  altered from ?he vent lite 

rractor. When the demanded LF-IC flow exceeds the measured flow, the flow controller 

overrides its initicl bia: and actively maintoiris the flow demand. The tlas 

i t s  rerr-1 has no effect an the r p  denmad f r m  the f low controller. The startup i s  then 

continued b the 2oooofr hold ir h e  power ana flow control modes. 

h e  

;&A removed and 

7.4 Digital and Amlog Predictiou 

:?= %dict ion figures for the startup and shutdown are tisted ic table 7-1. The 

doto ~hc*..~x I names of al l  pammoterr that are recorded on the Sanbom recorders are shown 

on t k  prediction figures. The steady state predictions for the 2O00, 3700, and 40E0? 

Aambet temperohm holds =% given in toblc 7-2 for facility parameters acd in  tablc 7-3 



for reactor parameters. 

the reactor predictlons were computed with the T N T  (Yhermal and Nuc'ear Transient) dig;r:l 

code. The f..>llowing assurnptions were made for the digital calculations: 

a) The initial reactor tempratures are .. 'formly 540°R. 

b; The ir;tial powe, i s  1 M W  with an ec,uilibriu.:i precursor c 

c) fie p w e r  i s  increcsed on a 2.5 second period during the I'i.xt 3 a e c ~ d s .  

d) The faci1it.i can be progmmmed to "thieve the flow rcte t h ~ 1  in figure 7-3 

The facility predictior were computed wi th  the  dog computer and 

. r .  ot:on. 

gt the L-11 cootrol valve. 

e) The PiZing to L-11 i s  prechilled, and the piping from L-11 to the nozzle 

torus i s  not prechillec. A digital flow lag calculation v 9s mcide to compute the nozzle 

torus flow ani tempemture shown in figues 7-1 1 and 7-12. 

f) 

8 )  

at 370COR. 

The design core pressure drop i s  135 psia. 

The hold durations are 3 minutes at 20000R cham& : temperature w b d  30 sec mds 

For the analog feetisystem predic'ions, the startup transier c were begun 7 

seconds into the profile because of I:-.itations ;n malog compJter resolution. This protlem 

will be overcome and a revised set of prediction. qvili be issucd in a su?piemeni to this report. 

Prior to starting the profile-, the flow c.ontroller was tiased to demand ti !OW0 

rpm output of t i e  turuine. L-11 was closed and L-1 11 was o p e .  Apk-ximately 36 12,';ec 

was bypassed out L-111. 4n ambient hydrogen purge flow of 3 ID/set: was established 

through G-3. The tuibire was powered with gos frcm ;he tank fa:d;7 by pressure control of 

H-53 wi th  u 250 psi preare demand. The L-1 i 2nd ' .-1ll valve programs shown in figures 

7-4 and 7-5 by %!id iinrs were started 2 seconds l a t u  '%an t h t  fc, the planned startup. 

The planned profiles are shown by dashed lines. The reactor nozzle torus te+sm+ure was 

decreased Croti 540°R to 4WR e*-ponentia'ly on a 5 SF .ond time conston:. Flow t+r..ygh 

C-11 shuts oft <;le ambient hydrogen flow. The flow con'. ' ler overrode the ~ p r n  bias when 

LF-10 flow exzeeded the flow clemnd. Approximately 30 seconds elapsed before pump 

discharge F ressure rose sufficiently to force flew to the bw t exchanger, thus, autonatically 

closing H-53 and estahlishing closed loop pump bootstrap conditions. 
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TABLE 7-2 

STEADY-STATE FACILITY DATA K ) R  H a 0 5  WUNG STARTUP 

2oo0 
40- 0 

loo. 0 

12.5 

11250. G 

49.0 

18.0 

7.0 

2.0 

345.0 

4.5 

40.0 

3700 

65.5 

288.0 

21.0 

21000.0 

80.0 

18.0 

9.0 

5.5 

780.0 

13.0 

65.5 

4om 
71.3 

355.0 
22.5 

22250.0 

86.8 

18.1 

9.0 

6.5 

900.0 
17.0 

71.3 

NOk: All facility data were cmputed with the NRX-A6 reactor ond feedsystem common 
amlog d l .  
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TABLE 7-3 

STEASY STATE IZEACTCR DATA FOR HCLDS WRING STARTUP 

290 
40 

Contrd 3 .um Pa~iticm(~!, degrees 74 

Nazrle Tams: 1 
P 

Reilectca Outlet: T 
P 

43 
328 
71 

285 

110 
277 

111 
275 

117 
273 

Core bit: T fuel exit 2127 

T tie rod 419 

P 219 

Unheled Temperatures: 

5taric- 20 
Statior, 26 

Conponent Pressure Drca, 5 (psi): 

Re !I ec tor 
Shield cs.d Support Plate 
Core 
Reflector Inlet to Core Exit 

1349 
1 594 

8.2 
3.8  
53.5 
66.1 

37oc 

918 
65.5 

a7 
49 
770 

138 
647 

208 
624 

209 
6 2 G  

217 
615 

3940 

59 1 

497 

2782 
3299 

23.2 
9.0 

117.8 
150.1 

4090 

1129 
71.3 

m 
50 
333 
154 
743 
231 
714 

233 
71 1 

242 
706 
4339 

645 

571 

3189 
3760 

27.0 
10.4 

135.0 
172.4 

* 
Notes: (1) All 1': i- . ?, cnd P's in p ia .  

(2) Boscd on -.: ambient delayed cr;tiscl drum bank position of 880. All molybdenum 
coating losr (approximately 8 degrees) is assumed to occur by the end of the first hold. 

(3) All reactor datJ were computed by the TNT digital compukr p.qrcrn. 
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8.0 COOLOOWN 

The decay power, decay energy, cooldown procedure and coolant usage are 

presented in  this chapter. The cooldown procedure i s  consistent with present NTO plans. 

In general, considerable latitude in coolants and/or procedure i s  possible during cool- 

down as long as reactor conditions are maintained within the limitations listed in 

Chapter 3. Prediction data are given for run durations of 30,45, and 60 minutes at 

rated conditions. 

8.1 Decay Power and Energy 

The total decay power, delayed neutron fission plus gamma and beta decay, i s  

shown in  figure 8-1 for 30, 45, and 60 minute operating times at rated conditions. The 

decay power for each of these cases also considers the fission power geneiated during 

startup and shutdown. The startup and shutdown power profiles which were used for the 

calculatior are shown in  figures 7-1 1 and 7-20. The delayed neutron power i s  based on 

about 4.75 of shutdown reactivity. T h i s  shutdown reactivity i s  based on an cssumed 2.25 

reactivity loss during the test, 15 net positive feedback reactivity during cooldown, and 

the worth curve of control drums (see figure 5-10). The gamma and beta decay power was 

computed with Revision 1 of the 5-4 (Fission Product Energy Release) code. The decay 

power i s  shown as a function of time after scram vehich occurs at 2500 R chamSer 

temperature. 

0 

The total decay power for each case has been integrated with time to determine the 

decay energy os a function of time after scram. The total decay energy i s  shown as a 

function of time after scram in  figure 8-2 for the three cases 30, 45, and 60 miwte full 

power operating times). The data in  this figure were used to compute the coolant 

reqirements given in Section 8-2. 
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8.2 Cooldown Procedure and Coolant Usage 

The purpose of this section i s  to both dekribe the cooldown procedure and also 

to present the corresponding coolant usage. The cooldown procedure wos developed 

with the help of NTO engineering. The coolant usage i s  presented in two ways: the 

flow rates for the continuous flow phases and the total coolant requirement for the pulse 

cooling phase. Tab! 8-1 shows the p w e r  dissipation capabilities of the coolants that 

may be used dLving cooldnwn (liquid hydrogen, ambient hydrogen, liquid nitrogen, and 

ambient nitrosen) for nozzle chamber temperatures of 1400, 1200, 1C00, and WOR. The 

cooling effectiveness i s  presented in two ways: ( l j  the power dissipated by 1 Ib/sec flow 

of each coolant at the chamber temperatures considered and (2) the flow rate of  ambient 

hydrogen, I iquid nitrogen, and ambient nitrogen which i s  quivalen: (based *n equal 

heat removal capobilities) to a liquid hydrogen flow of 1 Ib/sec. This data i s  useful to 

determine the times when coolants can be switched. 

For this report, the start of cooldown wil l be defined as the time of reactor scram. 

Reactor scram wil l  occur at 2500°R chamber temperature foilowing a 50 R/sec shutdown. 

The entire cooldown may be sub-divided into the following four sequential phases: 

0 

1) Liquid Hydrogen Flow from the High Pressure Dewar 

F I w  from dewar 3 (high presscre dewar for emergency cooling) i s  initiated 

simultaneously with scram. The flow rote from dewar 3 wil l  depend on the dewar 3 

pressure profile and other design parameters which have not been finalized. Predictions 

for this phase of cooldown wi l l  be issued in  a supplement. 

Flow from dewar 3 i s  expected to continue anti1 the exit preare has decreased to 

below the 90 to 100 p i g  operating pressure of dewars 4 and 5 (K-system, low pressure 

liquid hydrogen dewars for cooldown). At this time, flow will cwitch outomaticalIy from 

dewars 3 to iewass 4 cnd 5. This s~vitch i s  automatically performed by check valves. 
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The dewar 3 shutoft valve (X-3) w i l l  be closed after an adeqvote flow rate i s  

observed from dewars 4 and 5. The locations of these check valves anr, X-3 are shown 

in figure 4-13. 

Th is  phase i s  estimated to require approximately 25 seconds, and the chamber 
0 

temperature at the end of this phcse estimated to be I 2 0 0  R. 

2) Liquid Hydrogen Flow t~ the Low Pressure Dewars 

The initial flow from dewars 4 and 5 wi l l  be determined by the 90 to 100 

psig dewar pressure and the flow resistance of the line and :)re reactor. 4n initial flow 

of approximately 14 !b/sec i s  expected. This flow rate exceeds the flow rate required to 

maintain 1200 R chamber temperature at 25 seconds after scram. Manual control of K d  

wil l  be used to control flow to maintain approximately 1200 R chamber temperature. 

After a flow rate of 5 Ib/sec i s  reached it w i l l  be held constant until the chamber 

temperature i s  reduced to approximately 1CS08. 

0 

0 

The required flow rates as functions of time after scram for run durations of 30, 45, 
0 

and 60 minutes at rated conditions based on the assumed chamber temperature (1 200 R 
for flow rates above 5 Ib/sec and 1000°R fora flow rate of 5 Ib/sec) are shwn i v  

figure 5-3. The following table summarizes the length of th is  pLse for the three cases 

considered: 

Operating Time at Rated 
Conditions Prior to Shutdown 

Tenination l ime 
of  l H 2  Flow - Length of LH Flow - 

. (Minutes) (Seconds after Scram) (Seconjs) 

30 
45 
a 

140 
1 70 
190 

115 
145 
165 
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3) Tiansit,dn from Liquid to Gaseo.,s Hydrogen Flow 

The mixing chamber w i l l  be utilized to make the transition to ambient 

hydrogen flow. At  a constant mixing chamber flow rate of 5 Ib/sec, G-3 wil l  be 

manually opened to start and then to increase ambient hydrogen flow. Ambient hydrogen 

w i l l  he increased in a stepise manner. Therefore the chamSer temperature wif l  not 

remain constant and wil l  ~.-obably vary between 800 and 12003R. The end of  this phase 

wi l l  be when 5 Ib/sec of ambient hydrogen flow i s  sufficient to maintain 1000 R chamber 

temperature. 

0 

Predictions weie made for this phase assumink :OOOOR chamber temperature and o 

continuous transition to ambient hydrogen flow. The required liquid and ambient flow 

;ates are shown in figure 8-3. The following table wmmarizes the length of this cooldown 

phase for the three fu l l  power run durations considered: 

Operating Time at 
Roted Conditions 

(Mi nu tes) 

30 
45 
60 

Termination Time of Length of  
GH Flow -(Seconds Transition Phase 

(Seconds) %fter Scram) - 
540 
670 
800 

4-00 
500 
610 

4) Pulse Cooling with Liquid Nitrogen 

Pulse cooling with liquid nitrogen at a flow of upproximately 3G lb/'sec w i l l  

be initiated at the time the mixing chamber exit temperature has been increased to cear 

ambient. The data in table 8-? shows thot for a lOOO'R chamber temperuture, 26 Iblsec 

of liquid nitrogen i s  equivalent i n  heat removal capability to 5 Ib/sec of ambient hydrogen. 

Therefore, the transiticn to liquid nitrogen may be safely done at this time. Ambient 

hydrogen flow wil l be discontinued by closing G-3, and liquid nitrogen wil l  be initiated 

by opening W-20. !'he first pulse wil l  continue unitl the desired end of pulse reactor 
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tempemture level h a s  been achieved. At  this time liquid nitrogen flow w i l l  !x discontinued 
3 by closing N-21. The piping volume from N-21 to the nozzle torus i s  approximutely 40 ft .  

Approximately 1763 pounds of liquid nitrogen may remair? i n  this pipe at the conclusion of 

a pulse. The boil-off of this quantity of liquid nitrogen 4!! continue to cool ihe reactor for 

some time after the pulse conrrol vclve (N-21) i s  closed. The pulse flow terminatim criteria 

.zf 450 R tie rod exit material temperature shoaic be raised i f  this boil-off reduces the tiz 

rod exit material temperature below 450'R. 

(CRD) 

0 

The pulse cooldown w i l l  be controlled by the following reoctor temperatures: 

a) A 45G0R tie ror! exit materiol temperature tc ierniinote flow (th is  temp- 

emtbre should be raised on the b a s i q  oi the observed extra cooling effect of the boil-ofq. 

b) The pulse initiation control tempemturds 0re: 850°K core station 1, 

130OoR core station 20 or 26, 700°R ref!ector material temperature, and 'W3R wpport plate 

temperature. (The core tempemtures are 100°R below their test limits and t'*- r.-;- 

temperatures are 50°R beiow their tesi limits). 

Pulse cooling w i l l  be utilized as long as i t  Is required. The followfng table summarizes the 

total rewired quantity of liquid nitrogen and the end time for pulse cooling: 

rrpnent 

Operating Time at Rated Conditions (minutes) 

Required Quantity of LN2 (lbs) 

End of Pulse Cocling (hours after scram) 

Fnd of iblse Cooling (seconds after scram) 

30 45 60 

93OOO 124000 153000 

32 44 56 

118000 16oOoo 2oomo 

These c3oIdown predictions ure based on the decay energy shoHn in figure 8-2, 9 0 P R  average, 

nozzle chumber temperature during pulse cooling (appximate chamber temperature of NRX-AS 

p l s e  cocldown), and 25 KW decay power (this condition corresponds to the power at the last 

FJise of the NRX-A5 EP-Ill cooldown). 
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